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INFLUENCE OF EXTERNAL FACTORS ON THE ALKALOID 
CONTENT IN SOME MEDICINAL PLANTS 
by 
G. ELZENGA*), Wageningen. 
The form in which a plant appears at a given moment depends 
not only on its genetic constitution (14, 33, 38, 42) and its stage 
of development (12, 18, 30, 32), but also on the external conditions 
under which it has grown. It is known that the external conditions 
can have a modifying effect on the external and internal characters 
of a plant. The external conditions are provided by climate and 
soil, which both consist of a complex of separate factors each of 
which, theoretically, may be considered capable of affecting growth 
to a greater or lesser extent. 
On the basis of these experiences and expectations one might 
want to create for a certain crop such external conditions as are the 
most favourable for growth and the production of active principles. 
Before doing so, one had to find out experimentally which of the 
climate and/or soil factors have the greatest effect on growth and 
the production of active principles. 
Climate and soil, however, are magnitudes of which most factors 
are not readily modifyable and controllable. The climatic factors 
can only be controlled in air-conditioned glasshouses, whereas the 
influence of the soil is best studied by means of pot trials. 
1. S o i l f a c t o r s . 
A factor that can fairly easily be modified is the richness of the 
soil in mineral nutrients. Much was expected from the influence of 
this external factor. Hence research on modification has largely 
consisted of manurial trials (2, 4, 5, 7, 10, 13, 16, 17, 19, 20, 25, 
27, 29, 36). Mainly the influence was studied of the elements nitro-
gen, phosphorus, potassium and calcium on growth and alkaloid 
content of various alkaloid containing crops. These elements were 
administered in different quantities and compounds. 
The results from these experiments, which were usually carried 
out in the open, are both with us and with other research workers 
rather disappointing and confusing and often diametrically opposed. 
Some investigators obtained a favourable effect from a certain fer-
tilizer in a certain alkaloid containing crop. Others, however, ob-
tained a negative effect. Moreover it was found that various alka-
loid containing crops respond differently to the same fertilizer. This 
makes the situation still more confused. 
If, nevertheless, one wants to draw conclusions from the experi-
ments made, it may be said that a dressing of nitrogen generally 
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stimulates growth. It makes a difference, however, in what form 
this dressing is given. Manuring with the elements phosphorus, 
potassium and calcium often has a much less marked effect on 
growth, probably due to the soils not being equally rich in these 
elements and to differences in the capacity of the plants to take up 
these elements. 
From the trials it was shown that manuring with these elements 
often had a favourable effect on growth. In many cases, however, 
no effect could be observed and in some cases, mainly when the 
applications of fertilizer were too heavy, or in unfavourable com-
pounds the effect was even unfavourable. 
The effect of all these elements on the alkaloid content is still 
less pronounced and it is altogether impossible to arrive at a uniform 
conclusion. 
In my opinion it is of the utmost importance that the soil on which 
the trial is to be carried out should be analyzed first. Manuring can 
then be done in accordance with this analytical report. It would be 
better still to make pot trials in an air-conditioned glasshouse using 
soils of which the composition is known. 
In addition to manuring with inorganic fertilizers attemps have 
been made to influence the production of alkaloids by manuring with 
organic compounds, viz. the so-called precursors, hormones and 
antibiotics. The precursors can be considered as building bricks for 
the alkaloid synthesis. Manuring was done via the leaf and/or the 
root. Dressings via the leaf seem to have had no effect, whereas 
manuring via the root with the amino acids arginine, ornithine and 
putrescine showed a favourable effect in Atropa and Datura (6, 
28, 34). Other amino acids, however, had no effect. Certain hor-
mones and antibiotics (1, 43) seem to influence both the alkaloid 
content and yield. This research is only in its initial stage. 
The influence of other soil factors were hardly investigated. 
2. C l i m a t i c f a c t o r s . 
The influence of some climatic factors was investigated but hardly 
ever as an isolated factor. One had to content oneself with outdoor 
trials, taking by-effects of other factors into the bargain (24)-
The factor light has in some cases a favourable effect on growth 
and the alkaloid content, in other cases this factor acts as a check 
on both. (9, 15, 41). This probably depends on the fact whether 
the crop under investigation was a "light-loving" or a "shade-
loving" one. 
The temperature probably shows an optimum both for growth 
and the production of alkaloids, again dependent on the crop (11). 
Precipitation generally decreases the alkaloid content owing to 
the alkaloids being washed out of the plant (39. 40). 
In the course of years various authors have published reviews 
of this subject, to which they mostly added a conclusion. Some of 
these conclusions follow hereafter. 
K r e y e r (31) is of opinion that irrespective of the nature of the 
environmental conditions under which the alkaloid containing plants 
have grown, they always cause an increase in alkaloid content as 
soon as they act as a check on plant growth, and that they cause a 
decrease in this content as soon as they stimulate growth. 
R o m e i k e (35) and H e c h t (21 ) believe that growth and alka-
loid content are less influenced by environment than by genetic 
factors and the development stage. J a i m e N o s t i N a v a (26), 
after having made extensive manurial trials with plants containing 
active principles concludes: "Fertilizers have no reliable effect on 
the active principles of these crops. Selection would be a better 
means of increasing the alkaloid content". D a f e r t and H i m m e l -
b a u e r (8), who for 25 consecutive years made manurial trials with 
various crops, obtained no marked effect on growth and alkaloid 
content. B o s h a r t (3) determined that differences in alkaloid 
content caused by fertilizers fluctuate between limits that are, 
pharmacologically, hardly important. R o w s o n (37) on the other 
hand says that a good combination of fertilizers stimulates growth 
and that mainly nitrogen in the form of ammonium sulphate, com-
bined with phosphatic fertilizers, increases the alkaloid content. 
Finally I will cite H e g n a u e r (22, 23) who says "Variation 
in experimental material, ontogenetic differences and the absence 
of an absolutely reliable basis for calculating the analytical results 
are factors which make a correct interpretation of the modification 
experiments very difficult. Variation in material can be eliminated 
by using chemical strains or clones. Ontogenetic differences must be 
eliminated by harvesting the corps in the same stage of development. 
A better basis for calculation than the dry matter would be e.g. the 
crude fibre-content or the leaf-surface". 
It is also my opinion that, if one should stick to this, a great 
improvement of investigational practices would be achieved. 
In addition it might be useful to devise a certain scheme for the 
investigations of fluctuation. Wider international collaboration in 
the form of simultaneous research in certain field is also advisable. 
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